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ABSTRACT 

Blindauer,  Harlan  Healy,  M.  3.,  Purdue  University, 
August  1958.  A  Study  of  High  Accident  .(ates  on  Certain 
Highways  in  Indiana .   najor  Professor:   Harold  L.  Michael. 

The  purpose  of  this  study  was  to  investigate  a  number 
of  high.rays  in  Indiana  having  high  accident  rates  and  to 
determine  causes  of  these  rates  and  possible  correction 
measures.   The  study  was  confined  to  the  location  and 
analysis  of  highway  elements  which  might  contribute  to 
the  occurrence  of  accidents.   These  elements  included 
intersections,  struc lures ,  railroad  crossings,  horizontal 
and  veroicnl  curves,  and  private  and  commercial  driveways. 
Only  rural  two-lane  highways  were  analysed. 

The  accident  rates  used  in  this  study  were  accidents 
per  million  vehicles  and  accidents  per  million  vehicle 
miles.   Accidents  were  divided  into  four  categories: 
(l)  accidents  occurring  at  intersection;   (2)  accidents 
occurring  at  structures;   (3)  accidents  occurring  at 
railroad  crossing's;  and  ([].)    other  accidents.   All  acci- 
dents for  the  two-year  period,  1956  and  1957,  were  used. 

Ten  test  sections  with,  a  total  length  of  20C.7  miles 
were  chosen  in  various  parts  of  the  state  and  divided 
into  207  individual  subsections.   The  industrial  quality 
control  type  of  analysis  was  used  for  each  of  the  four  types 
of  accidents.   .vhen  the  control  charts  were  plotted  using 
three  standard  deviations  for  the  upper  control  limits, 
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the  following  results  were  found:   (1)  for  accidents  at 
intersections,  8,0%   of  the  subsections  containing  inter- 
sections were  out  of  control;   (2)  for  accidents  at  struc- 
tures, 8.2$  of  the  subsections  containing  structures  were 
out  of  control;   (3)  for  accidents  at  railroad  crossings, 
10. 0%   of  the  subsections  containing  railroad  crossings 
were  out  of  control;  and   (1|)  for  other  accidents,  5.3^ 
of  all  subsections  were  out  of  control.   All  out  of  control 
subsections  were  investigated  further,  and  if  assignable 
Causes  for  accidents  were  found,  recommendations  were  made 
for  improvements . 

The  results  indicated  that  the  quality  control  type 
of  accident  analysis,  if  used  properly,  could  substantially 
contribute  to  a  reduction  in  automobile  accidents. 


A   STUDY   OP  HIGH  ACCIDENT    RATES 
OP  CERTAIN    HIGHWAYS    IN   INDIANA 

INTRODUCTION 

With  the    advent   of  the   automobile   as   a  mode  of   trans- 
portation late   in   the  nineteenth  century,    a  new  phenomenon, 
the  automobile   accident,    appeared  on  the  American  scene. 
While    the  motor  vehicle  was   in  its   early  stages   of   develop- 
ment,   the  problem  was  not  serious.      However,    as   the  volume 
of  cars   on   the  highways    increased,    the  number  of   accidents 
increased  also,    and   the    problem  began   to   assume   greater   and 
greater  proportions.      In  1955   approximately  ten  million 
accidents   occurred,    resulting   in  36,000   deaths    and  costing 
the   American  economy  more    than  four  billion  dollars1. 

Three  elements  contribute   to   automobile  accidents;    the 
driver,    the  vehicle,   and  the  highway.      Quite   obvioxtsly,    the 
highway  engineer  does   not  have  complete   control   over  the 
first   tx^o   elements   since  driver  characteristics    are  con- 
cerned mainly  with  education   and    enforcement,    and  vehicle 
characteristics    are  primarily  the  responsibility  of    the 

automotive   industry.      The  highways,   however,    are   a  direct 
reflection  on  the  members   of  the  highway   engineering   pro- 
fession,   and   it   is    the  responsibility  of   this  group  to 
make    them  as    safe   as   possible  for  all   drivers.      In  light 
of  the   ever   increasing  number   of  accidents    on  American 

-"-   The   floating  numbers   refer    to   Bibliography. 


roads   the  highway  engineer  has  many  opportunities  to  con- 
tribute to  safer  highways. 

The  year  1956,  with  the  pasaage  of  the  Interstate 
Highway  Act,  produced  a  concerted  effort  to  build  safety 
into  highways,  but  the  Lp.,000  miles  comprising  the  Inter- 
state Highway  System  is  only  1.2$  of  all  roadc 
in  the  United  States.   Even  after  this  vast  system  of 
superhighways  is  built,  a  large  percentage  of  the  remaining 
highways  will  be  below  acceptable  standards.   Because,  in 
all  probability,  there  will  never  be  enough  money  to  re- 
construct all  roads  to  modern  standards,  it  is  up  to  the 
highway  engineer  to  accept  this  situation  and  make  existing 
highways  as  safe  as  possible  under  prevailing  conditions. 

However,  existing  highways  cannot  be  made  safer  in 
the  most  efficient  manner  unless  accident  data  are  compiled 
and  analysed.   At  present,  most  states  keep  very  complete 
files  of  accident  reports,  but  very  little  has  been  done 
in  utilizing  these  reports  in  accident  analyses  of  specific 
sections  of  highway.   This  is  at  least  partially  due  to  the 
fact  that  accident  reports,  even  in  the  same  area,  are  often 
inaccurate  as  to  location,  type  of  accident,  and  prevailing 
conditions  at  the  time  of  the  accident. 

Some  accident  studies  have  been  made  with  varying  de- 
grees of  success.  However,  many  more  studies  must  be  made 
before  the  highway  engineer  can  attempt  to  understand  more 
fully  the  causes  of  automobile  accidents. 


PURPOSE 

The  purpose  of  this  study  was  to  investigate  a  num- 
ber of  highways  in  Indiana  having  high  accident  rates  and 
to  determine  causes  of  these  rates  and  possible  corrective 
measures . 

PREVIOUS  STUDIES 

The  role  that  highway  elements  play  in  contributing 
to  accidents  is,  at  the  present  time,  relatively  unknown. 
Many  investigations  have  been  performed  in  the  past 
attempting  to  correlate  with  accident  rate  such  factors 
as  the  number  of  intersections  and  driveways,  horizontal 
and  vertical  curvature,  road  and  shoulder  width,  traffic 
volume,  capacity,  structures,  number  of  lanes,  grades, 
and  commercial  and  residential  development  along  the 
highways . 

The  Michigan  State  Highway  Department  investigated  a 
70  mile  section  of  U.S.  2l\.   and  found  reasonably  good 
correlation  of  accidents  with  features  such  as  gas  stations, 
stores,  and  intersections ,d 

The  Bureau  of  Public  Roads  in  a  study  of  accident  rates 
on  5,000  miles  of  primary  highway  found  that  traffic  volume 
had  a  strong  effect  on  accident  rate,  but  could  not  find 
any  consistent  effect  with  other  factors. 3 

The  Oregon  State  Highway  Department,  in  a  study  of 
1,L|.00  miles  of  two-lane  highways  found  that  accidents 
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tended  to  increase  when:   (1)  volumes  increase,  (2)  access 
points  increase,  (3)  sight  distance  is  impaired,  and  (l\.) 
the  cross-section  is  reduced.  1- 

The  Bureau  of  Public  Roads,  in  a  study  of  1,000  miles 
of  highway  with  varying  degrees  of  access  control,  found 
that  the  more  access  control  present,  the  lower  the  acci- 
dent rate. 5   Adolph  Kay  confirmed  this  in  an  investigation 
performed  at  Purdue  University. 

John  l/oo,  in  an  accident  study  on  a  state  wide  level 
in  Indiana,  found  good  correlation  of  accidents  with 
traffic  volume,  congestion  index,  lane  width,  and  total 
entrances  per  mile,  but  found  very  little  correlation  with 
capacity,  shoulder  width,  and  horizontal  alignment .  '' 

The  University  of  California  at  Berkeley  investigated 
the  effect  of  shoulder  width  on  accident  rate  and  found 
that  the  rate  appeared  to  increase  as  shoulder  width  in- 
creased, except  at  traffic  volumes  below  2,000  vehicles 
per  day,  where  the  trend  was  reversed.0 

In  general,  the  results  of  investigations  have  been 
inconclusive,  and,  in  many  instances,  contradictory. 

PROCEDURE 

In  this  study,  all  sections  investigated  were  two-lane 
highways  in  rural  areas.   There  were  several  reasons  for 
this.   Because  a  large  majority  of  the  high-ways  in  Indiana 
have  only  two  lanes  and  probably  will  remain  two-lane  high- 
ways for  many  years  to  come,  the  greatest  need  for  research 
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was  on  this  type  of  facility.  Rural  highways  were  selected 
for  this  first  study  because  of  the  relative  homogeneity  of 
conditions  affecting  accidents. 

Selection  of  Test  Roads 

In  the  selection  of  test  roads,  three  criteria  were 
utilized:   (1)  each  of  the  test  road  sections  should  be  of 
sufficient  length  to  present  several  different  subsection 
accident  rates;  (2)  the  overall  accident  rate  on  each  test 
road  section  should  be  i^ell  above  the  average  accident  rate 
in  Indiana;  and  (3)  the  test  roads  should  be  located  through- 
out the  state  in  order  to  present  a  variety  of  conditions. 

As  to  the  actual  selection,  two  sources  of  information 
were  used:   (1)  the  progress  report  on  "Correlation  of  Acci- 
dent Rates  and  Roadway  Factors"  by  John  C.  H.  Woo  presented 
to  the  Joint  highway  Research  Project  on  July  2l|.,  1957, 
which  lists  all  sections  of  primary  state  highways  in 
Indiana  having  an  accident  rate  of  at  least  eight  accidents 
per  mile  for  the  two  year  period,  1951+-55  ,  and  (2)  a  map 
of  Indiana  published  by  several  Indiana  newspapers  showing 
the  ten  sections  of  highway  in  Indiana  having  the  highest 
traffic  fatality  rates  in  1957.   However,  any  sections 
which  were  reconstructed  after  December  31 ,  1955,  were  not 
considered. 

Prom  the  above  sources,  ten  rural  sections  were 
selected.   They  are  as  follows: 

(1)   State  Road  25  -  Lafayette  to  Delphi 
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(2)  U.S.  Highway   31  -'Miami  County 

(3)  U.S.  Highway  2.I4.  -  Burnetsville  to  Peru 
{[].)      State  Road  37  -  Monroe  County 

(5)  State  Road  37  -  Indianapolis  to  Johnson-Morgan 
County  Line 

(6)  State  Road  37  -  Morgan  County 

(7)  State  Road   9  -  Anderson  to  Madison-Grant  County 
Line 

(8)  State  Road  67  -  Delaware  County 

(9)  U.S.  Highway  36  -  Hendricks  County 
(10)   State  Road  67  -  Morgan  County 

The  ten  test  sections  are  shown  in  Figure  1.   Henceforth, 
they  will  be  referred  to  in  this  report  by  the  numbers 
listed  above. 

Each  section  was  subdivided  into  subsections  of  con- 
venient length,  usually  one  mile."   In  general,  the  sub- 
section were  numbered  by  direction  from  the  major  town  or 
city  on  the  section  with  the  terminal  points  of  each  sub- 
section half-way  between  integer  miles  from  the  city  limits, 
This  was  because  most  accident  reports  give  the  location 
of  an  accident  a s  an  integer  number  of  miles  from  the  city 
limits  of  the  major  town  or  city  within  the  county  in  which 
the  accident  occurred. 

Collection  of  Data-Highway  Element 
Before  any  other  data  were  collected,  it   as  necessary 

'"  See  appendix  for  list  and  description  of  subsections. 
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to  locate  as  accurately  as  possible  the  various  highway 
elements  such  as  private  and  commercial  driveways,  inter- 
sections, structures,  and  railroad  crossings.   Not  only 
was  this  information  used  in  the  data  analysis,  but  it  also 
helped  to  locate  many  accidents  quite  closely  since  a  major- 
ity of  accident  reports  not  only  pave  the  mileage  to  the 
nearest  city  but  also  gave  a  distance  from  some  feature 
such  as  an  intersection  or  a  structure  in  the  immediate 
vicinity. 

A  Streetor-Arriet  Travel  Time  and  Distance  Recorder  was 
used  exclusively  to  locate  the  highway  elements.   This 
instrument,  shown  in  Figure  2,  consists  of  a  timer,  a 
distance  wheel,  and  a  printing  mechanism  and  is  designed 
to  permit  automatic  recording  of  travel  times  and  distances 
at  different  points  along  a  highway.   A  roll  of  paper  moves 
through  the  recorder,  and  the  readings  on  electrically 
operated  counters  can  be  recorded  on  this  paper  by  pressing 
a  print  button.   A  timer  is  wired  to  one  printing  counter, 
and  the  counter  advances  one  hundred  numbers  per  minute. 
A  second  counter  is  actuated  by  a  speedometer  cable  con- 
nected to  the  cable  of  the  test  car.   This  counter  permits 
recording  of  distance  to  the  nearest  hundreth  of  a  mile. 
A  third  counter,  which  reads  from  1  to  12,  is  actuated  by 
a  rotary  solenoid  which  is  controlled  by  a  set  of  numbered 
keys  on  a  control  panel.   This  counter  is  used  to  code  the 
data  on  the  other  two  counters.   The  recorder  is  mounted 
on  the  front  seat  of  a  test  car  and  can  be  operated  either 


Figure  2.  Streetor-Amet  Travel-time  and 
Distance  Recorder 
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by  the  driver  or  a  second  observer. 

In  this  study,  each  type  of  highway  element  was 
assipned  a  certain  code   key.   The  test  car  was  parked 
at  the  beginning  of  a  test  section  and  the  distance 
recorder  set  at  zero.   The  car  was  then  driven  along  the 
section,  and  whenever  a  highway  element  was  encountered, 
the  proper  code  key  was  pressed  and  the  distance  and  code 
key  designation  recorded  on  the  paper  tape.   Since  travel 
time  was  not  a*f actor  in  this  study,  it  was  set  to  remain 
at  zero.   The  paper  tape  of  a  portion  of  one  of  the  test 
runs  is  shown  in  , Figure  3. 

Collection  of  Data-Accidents 
After  the  highway  features  on  all  ten  test  sections 
were  located  and  recorded  in  the  proper  subsections  on  a 
tally  sheet,  the  recording  of  accidents  was  begun.   When 
this  study  was  initiated,  it  was  planned  that  the  accidents 
would  be  recorded  according  to  the  type  of  friction  which 
caused  each  accident;  i.e.,  intersectional ,  marginal,  me- 
dial, or  internal  stream.-*-0   However,  it  was  found  that 
when  this  method  of  recording  accidents  was  actually  tried, 
the  accident  descriptions  on  most  of  the  reports  were  very 
vague  and  inconsistent,  and  the  data  resulting  from  such 
a  procedure  was  very  doubtful  as  to  its  accuracy. 

Therefore,  an  approach  •./as  used  which  gave  reasonably 
accurate  and  usable  results.   The  accidents  were  classified 
according  to  the  highway  features  at  which  they  occurred. 
The  classifications  used  in  this  study  were:   (1)  accidents 
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occurring  at  intersections;  (2)  accidents  occurring  at 
structures;  (3)  accidents  occurring  at  railroad  crossing; 
and  (Ij.)  other  accidents.   Structures  included  all  major 
and  minor  bridges,  but  not  culverts. 

All  accidents  which  occurred  in  the  two  year  period 
from  January  1,  1956,  to  December  31,  1957,  were  then 
recorded  on  tally  sheets  according  to  classification  and, 
as  accurately  as  possible,  by  subsection. 

Collection  of  Data-Traffic  Volume 
Traffic  volumes  for  the  ten  test  sections  were  ob- 
tained from  the  1957  Traffic  Flow  Map  of  Indiana  published 
by  the  State  Highway  Department  of  Indiana. 

Collection  of  Data-Highway  Capacities 
The  capacities  for  the  test  sections  were  obtained 
from  the  road  inventory  sheets  on  file  in  the  transportation 
laboratory  of  Purdue  University.   These  data  were  computed 
originally  for  the  Indiana  Highway  Needs  Study. 

Collection  of  Data-PIorizontal  and  Vertical  Curvature 
The  horizontal  and  vertical  curvature  for  the  test 
sections  were  obtained  from  construction  plans  on  file  in 
the  road  plans  section  of  the  Indiana  Highway  Department. 
The  point  of  intersection,  degree  of  curvature,  intersection 
angle,  and  length  of  each  horizontal  curve  x^ith  degree  of 
curvature  of  at  least  three  degrees  were  recorded.   Also, 
the  point  of  intersection,  length,  and  grade  on  both  sides 
of  the  ooint  of  intersection  of  each  vertical  curve  with 
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an  algebraic  difference  of  over  one  and  one  half  percent 
were  recorded.   It  was  assumed  that  any  horizontal  curve 
with  a  degree  of  curvature  of  less  than  three  degrees  and 
any  vertical  curve  with  an  algebraic  difference  in  grade 
of  one  and  one  half  percent  or  less  were  not  critical 
and,  therefore,  would  not  be  considered. 

ANALYSIS  OF  DATA 

Since  the  purpose  of  this  study  was  to  determine 
causes  and  possible  methods  for  reducing  accident  rate3  on 
specific  sections  of  highway,  some  method  had  to  be  found 
to  highlight  those  subsections  having  accidents  due  to 
assignable  causes.   When  this  study  began,  it  was  planned 
to  utilize  correlation  and  regression  in  locating  assign- 
able causes;  but,  as  the  study  progressed,  another  method 
of  analysis  was  found  which  presented  much  better  results. 
That  method  was  statistical  quality  control. 

Development  of  Method  of  Analysis 
Statistical  quality  control  has  been  used  for  many 
years  in  American  industry  to  gauge  the  performance  of 
men  and  machines.   Control  charts  with  appropriate  control 
limits  give  a  good  indication  of  variation  due  to  random 
error  alone  and  variation  due  to  assignable  causes.   There- 
fore, it  seemed  logical  that  if  quality  control  could  gauge 
the  performance  of  machines,  it  might  also  be  used  to  gauge 
the  performance  of  highways. 
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The  idea  of  using  quality  control  in  accident  analyses 
is  not  entirely  new.   Messrs.  Norden,  Orlansky,  and  Jacobs 
of  Dunlap  and  Associate  in  Stamford,  Connecticut,  investi- 
gated the  possibility  in  1956  and  found  that  applying  this 
technique  to  an  actual  highway  situation  gave  results  show- 
ing strong  promise  that  the  application  of  this  method 
might  contribute  substantially  to  a  reduction  in  automobile 
accidents . 

In  specific  terms,  the  quality-control  type-  of  accident 
analysis  is  as  follows:   A  certain  section  of  highway  is 
divided  into  subsections,  and  the  accidents  on  each  sub- 
section are  compiled.   The  accidents  are  converted  to  some 
standard  unit  of  measure  and  plotted  on  a  control  chart. 
The  appropriate  upper  control  limits  are  computed  and  also 
plotted,  and  those  subsections  which  are  out  of  control 
are  investigated  further  for  assignable  causes.   If  this 
method  is  applied  to  several  sections  of  highway,  as  it 
was  in  this  study,  it  remains  substantially  the  sai.ie  with 
one  exception;  the  sections  are  tested  first  to  ascertain 
whether  or  not  they  are  in  control.   All  sections  in  con- 
trol are  tested' 'with  one  standard  centerline  value,  and 
any  section  out  of  control  is  tested  separately  with  its 
own  centerline  value. 

It  is  important  to  note  that  even  though  a  very  large 
majority  of  the  subsections  will  be  in  control,  this  does 
not  necessarily  indicate  that  there  are  not  present  on 
these  segments  assignable  causes  which  contribute  to 
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accidents.   This  is  especially  true  for  this  study  because 
only  high-accident  highways  were  considered  for  analysis. 

When  the  above  procedure  was  applied  to  this  study, 
one  problem  Immediately  arose.   What  would  be  a  logical 
standard  unit  of  measure  for  the  four  types  of  accidents? 
For  accidents  occurring  at  intersections,  structures,  and 
railroad  crossings,  the  answer  was  relatively  simple.   Since 

all  of  these  type 3  occurred  at  single  points,  they  could  be 
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converted  to  an  element  of  risk: 

mm,iMi.  ^  „<„,,   Number  of  Accidents'" 
Element  ox  Risk  =  

AADT  (365) (2) 

Because  the  subsections  used  in  this  study  were 
generally  one  mile  or  les3  in  length,  no  more  than  one 
structure,  intersection,  or  railroad  crossing  usually 
occurred  in  each  subsection.   In  the  few  subsections  where 
more  than  one  of  any  of  these  features  occurred,  each  inter- 
section, structure  or  railroad  crossing  was  analysed  sep- 
arately after  completion  of  the  control  charts. 

An  additional  refinement  to  the  element  of  risk  for 
intersections  and  railroad  crossings  could  be  made  by  in- 
cluding in  some  manner  the  traffic  volumes  on  cross  roads 
for  intersection  analysis  and  the  number  of  trains  per  day 
for  railroad  crossing  analysis.   These  refinements  were  not 
incorporated  in  this  study  because  of  the  non-availability 


Since  the  various  numbers  of  accidents  were  for  a  full 
year  period,  the  Average  Annual  Daily  Traffic  (AADT)  was 
converted  to  the  number  of  vehicles  in  two  years  by  the 
constant  365(2) . 
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of  traffic  volumes  on  cross  roads  and  of  comprehensive 
information  on  train  movements. 

For  the  other  accidents,  the  problem  was  somewhat 
different.   Since  these  included  accidents  due  to  hori- 
zontal and  vertical  curvature,  private  and  commercial  drive- 
ways, insufficient  pavement  and  shoulder  width,  congestion, 
and  other  factors,  it  was  reasoned  that,  in  general,  they 
might  be  more  or  less  uniformly  distributed  throughout 
each  subsection.   Therefore,  the  question  of  subsection 
length  arose  because,  in  all  probability,  accident  occur- 
rence on  a  subsection  two  miles  in  length  would  be  greater 
than  on  a  subsection  one  half  mile  long  if  similar  condi- 
tions were  present  on  both  subsections.   To  account  for 
this,  it  was  decided  to  use  vehicle  miles  travelled  on  the 
subsections  rather  than  vehicles  in  the  denominator  of  the 
element  of  risk  equation: 

Number  of  Accidents 


Element  of  Risk 


(AADT) (Length) (365) (2) 

With  standard  units  of  measure  for  accidents  deter- 
mined, only  one  problem  remained,  that  of  finding  a  standard 
expression  for  the  control  limits  of  the  various  sections 
and  subsections.   In  order  to  find  the  solution,  It  was 
necessary  to  refer  again  to  quality  control  as  used  in 
industry. 

When  dealing  with  fraction  defectives,  a  mean  and 
standard  deviation  can  be  computed  for  the  binomial  destri- 
butlon;  and,  although  the  distribution  may  be  quite  skewed, 
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there  will  be,  by  chance  causes  alone,  very  few  points 

outside  the  band  between  the  mean  minus  three  standard 

deviations  and  the  mean  plus  three  standard  deviations. 

Hence,  having  set  such  limits,  the  statistician  has  a  band 

of  normal  variability  for  the  statistical  measure  in  oue3tion, 
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IVhere  pj_  -  the  defective  probability  in  any  sample 
p  -  the  overall  defective  probability 
dj_  -  the  number  of  defectives  in  any  sample 
n-j_  =  the  number  of  pieces  in  any  sample 
s^  -   the  estimate  of  the  standard  deviation  of 
any  sample 
CLj_  z   the  control  limits  for  p^  of  any  sample 
t  -  the  number  of  standard  deviations  from  p 

to  either  the  upper  or  lower  control  limits 

In  general,  regardless  of  the  skewness  of  the  distribu- 
tion, less  than  0.5  percent  of  all  individual  probabilities 
should  be  outside  the  control  limits  due  to  chance  alone  when 
the  mean  plus  or  minus  three  standard  deviations  is  used  to 
set  those  limits. 

When  applied  to  this  study,  the  above  expressions 
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could  be  used  quite  readily.  In  final  form,  they  appeared 
as  follows: 
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'inhere  pj_  =  the  element  of  risk  on  any  subsection 

p  =  the  overall  element  of  risk  on  any  section 
or  series  of  sections 
a^  -  the  number  of  accidents  on  any  s\ib  sect  ion 
n.  -  the  number  of  vehicles  or  vehicle-miles  on 
any  subsection,  the  unit  of  measure  depend- 
ing on  the  type  of  accident  being  analysed 
Sj_  z  the  estimate  of  the  standard  deviation  of 
any  subsection 
CLj_  -  the  control  limits  for  p«  on  any  subsection 

It  will  be  noted  that  in  the  expression  for  s^  the  term 
(1-p)  v;as  eliminated.  It  was  found  that  it  very  nearly 
approached  unity  and  therefore  could  be  ignored. 

Analysis -General 
With  the  method  of  analysis  determined,  the  next 
problem  was  to  apply  it  to  the  various  types  of  accidents 
on  the  test  sections.   Eefore  any  actual  analysis  could  be 
performed,  it  was  necessary  to  compute  the  AADT  on  each 
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subsection.   The  traffic  count  data  were  given  at  each  side 
of  major  intersections  only,  so  it  was  assumed  that  there 
was  a  linear  variation  of  traffic  from  one  intersection  to 
another.   Using  this  assumption,  the  various  AADT's  were 
plotted  in  graph  form  and  the  subsections  superimposed  on 
these  graphs  in  their  proper  positions .   The  average  traffic 
volume  moving  through  each  subsection  was  then  read  directly 
to  the  nearest  100  vehicles.   When  a  major  intersection  fell 
within  a  subsection,  a  weighted  average  was  obtained  taking 
into  account  the  relative  position  of  the  intersection  within 
the  subsection. 

Analysis-Accidents  at  Intersections 
Elements  of  risk  on  all  subsections  having  accidents 
at  intersections  were  computed.   Also  computed  were  the 
element  of  risk  on  each  section  and  the  overall  element  of 
risk  utilizing  the  two  year  traffic  volumes  for  those  sub- 
sections having  intersections. 

Before  making  the  final  analysis,  it  was  necessary 
to  plot  a  control  chart  with  appropriate  upper  and  lower  con- 
trol limits  for  the  elements  of  risk  on  the  sections.   As 
indicated  on  the  chart  shown  in  Figure  Ij.,  Section  5»  State 
Road  37  from  Indianapolis  to  the  Johnson-Morgan  County  Line, 
was  out  of  control.   A  new  overall  risk  element  was  computed 
for  the  nine  sections  In  control,  and  control  charts  for 
the  subsections  were  plotted  with  appropriate  upper  control 
limits.   A  control  chart  for  Section  5  was  plotted  separately 
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with  its  own  element  of  risk  and  upper  control  limits. 

The  control  charts  for  accidents  at  intersections  are 
shown  in  Figures  5  to  9. 

Analysis-Accidents  at  Structures 
The  analysis  of  accidents  occurring  at  structures  was 
similar  to  that  of  accidents  at  intersections  except  that 
the  two-year  traffic  volumes  only  for  those  subsections 
having  structures  were  used.   As  shown  in  Figure  1+,  all 
sections  were  in  control,  so  all  the  subsections  were 
analysed  with  one  overall  element  of  risk. 

The  control  charts  for  accidents  at  structures  are 
shown  in  Figures  10  to  ll\.. 

Analysis-Accidents  at  Railroad  Crossings 
Due  to  the  rarity  of  railroad  crossings,  it  was  de- 
cided to  analyse  accidents  occurring  at  these  points  direct- 
ly without  any  consideration  of  sections.   The  accidents 
on  each  subsection  were  converted  to  elements  of  risk,  and 
an  overall  risk  element  was  computed  utilizing  the  two  year 
traffic  on  only  those  subsections  having  railroad  crossings, 
A  control  chart,  shown  in  Figure  15,  was  plotted  with  appro- 
priate upper  control  limits. 

Analysis-Other  Accidents 
The  analysis  of  other  accidents  was  quite  similar  to 
that  of  accidents  at  intersections  except  that  the  vehicle 
miles  in  each  subsection  were  used  instead  of  traffic 
volumes.   As  shown  in  Figure  l\.,    all  sections  were  found 
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to  be  in  control,  so  all  the  subsections  were  analysed 
with  one  overall  element  of  risk. 

The  control  charts  for  other  accidents  are  shown  in 
Figures  16  to  20. 

Results  of  Analysis 
By  visual  inspection  of  the  control  charts  shown  in 
Figures  6  to  20,  the  following  results  were  obtained: 
(1)  for  accidents  at  intersections,  15  out  of  188  sub- 
sections containing  intersections,  or  8.0  percent,  were 
out  of  control;  (2)  for  accidents  at  structures,  6  out  of 
73  subsections  containing  structures,  or  6.2  percent,  were 
out  of  control;  (3)  for  accidents  at  railroad  crossings, 
1  out  of  10  subsections  containing  railroad  crossings,  or 
10.0  percent,  were  out  of  control;  and  ([(.)  for  other  acci- 
dents, 11  out  of  207  total  subsections,  or  5-3  percent, 
were  out  of  control.   All  out-of -control  subsections  are 
given  by  subsection  number  and  type  of  accident  in  Table  1, 

Search  for  Assignable  Causes 
After  the  out-of -control  subsections  uere   located  by 
visual  inspection  of  the  control  charts,  it  was  necessary 
to  reappraise  the  accidents  on  those  subsections  in  an 
attempt  to  find  assignable  causes. 

Again  utilizing  the  accident  reports  for  the  years 
1956  and  1957,  collision  diagrams  were  made  for  all  inter- 
sections, structures,  and  railroad  crossings  within  the 
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cut-of -control  subsections.   Also,  as  much  as  possible, 
those  subsections  which  were  out  of  control  for  other 
accidents  were  investigated  for  features  which  caused  or 
contributed  to  accident  occurrence.   It  was  found,  however, 
that  due  to  the  limited  amount  of  information  available 
on  the  reports  for  other  accidents,  only  horizontal  and 
vertical  curvature  and  commercial  end  private  driveway 
information  could  be  used. 

Prom  the  final  accident  analysis,  it  was  possible  at 
a  number  of  the  locations  to  isolate  features  which  were 
caused  or  contributed  to  the  occurrence  of  accidents.   All 
out-of -control  locations  were  investigated  in  the  field  to 
find  out  what  conditions  existed  which  were  hazardous  to 
motorists,  and  what  remedial  measures  could  be  taken  to 
reduce  the  accidents  at  those  locations.   The  results  of 
the  analysis  of  each  out-of -control  subsection  are  shown 
in  Table  2 . 

In  general,  all  of  the  improvements  recommended  in 
this  study  are  temporary  measures  which  could  be  placed  in 
effect  within  a  short  time,  and  which  .should  reduce  the 
accident  rates  at  the  features  indicated.   These  improve- 
ments are  not  the  final  answer  at  all  locations  to  a  re- 
duction of  accidents  at  the  features  indicated  on  the  test 
roads.   This  can  only  come  with  reconstruction  of  the 
features,  and  in  some  cases  the  facility,  to  modern  and 
safe  standards. 
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Table  1  (continued) 
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Table  2 

Recommendations  for  Specific  Improvements  on  Out-of-Control 
Subsections'"' 

Section  1  -  SR  25  from  Lafayette  to  Delphi 

Subsection:   OE 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
3R  25  and  US  52. 

Assignable  Cause:   Insufficient  warning  to  motorists 
on  SR  25  of  traffic  signal  at  intersection  results 
in  rear-end  collisions  (6  in  1956-57). 

Recommendations:   Install  flasher  warning  signals  and 
"Signals  Ahead"  sign  on  SR  25  on  both  sides  of  inter- 
section. 

Subsection:   IE 

Type  of  Accident:   At  structures. 

Feature  where  Accidents  Occurred:   Bridge  at  Wildcat 

Creek. 
Assignable  Cause:   High  speeds  of  motorists  travelling 

toward  Lafayette  during  periods  of  icing  in  vicinity 

of  bridge  results  in  loss-of -control  accidents  at 

bridge  (6  in  1956-57) . 
Recommendations  :   Quick  "deicing"  maintenance  during 


For  signing  standards,  see  References  ll;  to  16  in  Bibli- 
ography. 


to 

Table  2  (continued) 
periods  of  freezing  . 

Subsection:  $E 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
SR  25  and  SR  225. 

Assignable  Cause:   Lack  of  visibility  on  SR  25  west 
of  intersection  results  in  rear-end  collisions 
with  vehicles  waiting  to  turn  left  onto  Sri  225 
(8  in  1956-57). 

Recommendations:   install  a  "Side  Road"  sign  west  of 
intersection,  and  construct  a  refuge  lane  for 
vehicles  wishing  to  turn  left  from  SR  2:  to  SR  225. 

Subsection:   li|_E 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
SR  25  and  US  i\21 . 

Assignable  Cause:   The  flat  angle  of  divergence  that 
must  be  used  by  vehicles  wishing  to  turn  left  from 
SR  25  to  US  14.21  results  in  head-on  collisions  with 
vehicles  coming  west  from  Delphi  (2  in  1956-57) 
and  rear-end  collisions  with  vehicles  travelling 
east  on  SR  25  (5  in  1956-57). 

Recommendations:   Construct  a  channelized  T  inter- 
section with  a  refuge  lane  for  vehicles  wishing 

to  turn  left  from  SR  25  to  US  1|21 . 
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kk 

Table  2    (continued) 
Section  2  -  US  31  in  Miami  County- 
Subsection:   OS 

Type  of  Accident:   At  intersections. 
Feature  where  Accidents  Occurred:   Intersection  of 

US  31  and  US  2l\. 
Assignable  Cause:   The  flat  angle  of  convergence  that 
must  be  used  by  vehicles  on  US  2l\.   wishing  to  merge 
with  traffic  going  east  on  US  31  results  in  head-on 
collisions  with  south-bound  vehicles  on  U3  31  (9  in 
1956-5?)  and  rear-end  collisions  with  vehicles 
travelling  east  on  US  c\\.    (7  in  1956-57). 
Recommendations:   Construct  a  channelized  T  inter- 
section and  install  a  traffic  signal  to  control 
the  vehicle  movements. 

Subsection:   IS 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   This  subsection 
included  four  intersections,  and  further  study 
revealed  none  of  the  intersections  to  be  especially 
hazardous . 

Subsection:   6S 
Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Approach  to  the 
Bunker  Hill  Air  Force  Base. 


k5 
Table  2  (continued) 
Assignable  Cause:   Extensive  use  of  approach  coupled 
with  congested  conditions  on  US  31  results  in 
accidents  caused  by  turning  vehicles  (20  in 

1956-57). 
Recommendations :   Construct  a  channelized  T  inter- 
section with  provisions  for  an  adequate  decelera- 
tion lane  for  vehicles  travelling  south  wishing 
to  turn  right  and  a  refuge  lane  for  vehicles 
travelling  north  wishing  to  turn  left. 

Subsection:   12S 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 

US  31  and  Sfi  18. 
Assignable  Cause:   Conflicts  between  cross  traffic 

results  in  right-angle  collisions  (6  in  1956-37). 
Recommendations:   Install  oversize  stop  signs  on  SH  18 

on  both  sides  of  intersection  and  "Cross  Road" 

signs  on  US  31  on  both  sides  of  intersection. 

Subsection:   i)U 

Type  of  Accident:   At  structures. 

Feature  where  Accidents  Occurred:   Bridge  at  Eel  River. 

Assignable  Cause:   Extremely  narrow  width  of  bridge 
coupled  with  bad  sight  distance  north  of  the 
structure  results  in  accidents  in  bridge  (11  in 
1956-57). 


1^6 

Table  2  (continued) 
Recommendations:   Extend  the  30  mPn  speed  zone  in 
Mexico  south  to  include  the  bridge  and  illuminate 
the  bridge  and  bridge  approaches. 

Section  3  -  US  2\   from  White-Cass  County  Line  to  Peru 

Subsection:   OW 

Type  of  Accident:   At  railroad  crossings. 

Feature  where  Accidents  Occurred:   Pennsylvania 
Railroad  Crossing. 

Assignable  Cause:   Advance  warning  signs  on  both 

sides  of  the  railroad  crossing  not  readily  notice- 
able and  placed  too  close  to  the  actual  crossing 
results  in  rear-end  collisions  during  periods  when 
vehicles  are  stopped  for  trains  (10  in  1956-57). 

Recommendations:   Install  additional  measures  of 
warning  on  both  sides  of  railroad  crossing. 

Subsection:  $E 

Type  of  Accident:   At  structures. 

Feature  where  Accidents  Occurred:   Overpass  separating 

US  "c\\   and  Wabash  Railroad. 
Assignable  Cause:   iixtremely  narrow  width  of  structure 

coupled  with  bad  horizontal  and  vertical  curvature 

west  of  structure  results  in  accidents  in  structure 

(11  in  1956-57). 
Recommendations:   Speed  zone  US  Z\\.   in  vicinity  of 
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Table  2  (continued) 
structure  and  inform  motorists  of  hazardous 
narrow  bridge  well  in  advance  of  structure. 

Subsection:   I3E 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
US  2\   and  US  31  (This  intersection  is  also  on 
Subsection  OS  of  Section  2  and  is  discussed  there). 

Section  1;  -  3R  37  in  Monroe  County 

Subsection:   7S 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 

Assignable  Cause:   General  congestion  coupled  with 
bad  horizontal  and  vertical  curvature  resulted  in 
II4.  accidents  in  1956-57. 

Recommendations:   Speed  zone  entire  subsection. 

Subsection:   9N 
Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 
Assignable  Cause:   None  found. 
Recommendations:   None. 

Section  5  -  SR  37  from  Indianapolis  to  Johnson-Morgan 
County  Line 


Table  2  (continued) 

Subsection:   I4.S 

Type  of  Accident:   At  structures. 

Feature  where  Accidents  Occurred:   Overpass  separating 

SR  37  and  Illinois  Central  Railroad. 
Assignable  Cause:   Extremely  narrow  width  of  skew 

structure  coupled  with  bad  vertical  curvature  on 

both  sides  of  structure  results  in  accidents  in 

structure  (7  in  1956-57). 
Recommendations:   Speed  zone  SR  37  in  vicinity  of 

structure  and  inform  motorists  of  hazardous  narrow 

bridge  well  in  advance  of  structure. 

Subsection:   5S 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 

SR  37  and  Southport  Road. 
Assignable  Cause:   Very  poorly  signed  intersection 

results  in  accidents  between  cross  traffic  (11  in 

1956-57). 
Recommendations :   Improve  marking  of  intersection  by 
installing  oversize  "Stop"  signs  on  Southport  Road 
on  both  sides  of  intersection  and  "Cross  Road" 
signs  on  SR  37. 

Subsection:   7S 

Type  of  Accident:   Other. 
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Table  1  (continued) 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 
Assignable  Causes:   None  found. 
Recommendations:   None. 

Subsection:   IIS 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Shockley's  curve. 

Assignable  Cause:   Extremely  sharp  curve  at  the  end 

of  a  lont  tangent  and  a  very  slick  pavement  surface 

in  the  vicinity  of  the  curve  results  in  lo3s-of- 

control  accidents  (II4.  in  1956-57). 
Recommendations:   Speed  zone  SR  37  on  both  sides  of 

curve  and  "deslicl."  pavement  in  vicinity  of  curve. 

Subsection:   12S 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Eanta  Road  curve. 

Assignable  Cause:   Very  slid:  pavement  surface  in 

vicinity  of  curve  when  wet  results  in  loss-of 

control  accidents  (7  in  1956-57). 
Recommendations:   Place  "deslicking"  material  on 

pavement  in  vicinity  of  curve. 

Section  6  -  SR  37  in  Morgan  County 

Subsection:   OS 

Type  of  Accident:   At  intersections. 
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Table  2  (continued) 
Feature  where  Accidents  Occurred:   This  subsection 
included  five  intersections  and  further  analysis 
revealed  none  of  the  intersections  to  be  especially 
hazardous . 

Subsection:   I3N 
Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 
Assignable  Causes:   None  found. 
Recommendations  :   None. 

Section  7  -  SR  9  from  Anderson  to  Madison-Grant  County  Line 

Subsection:   ON 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
SR  9  and  SR  109. 

Assignable  Cause:   Present  controls  inadequate  for 
vehicles  wishing  to  turn  left  from  SR  9  to  SR  109 
and  right  from  SR  109  to  SR  9  resulting  in  accidents 
involving  turning  vehicles  (10  in  1956-57). 

Recommendations:   Construct  a  channelized  T  inter- 
section with  a  refuge  lane  for  vehicles  wishing 
to  turn  left  from  SR  9  to  SR  109  and  an  acceleration 
lane  for  vehicles  wishing  to  turn  from  SR  109  to 
SR  9. 
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Table  £  (continued) 


Subsection:   ION 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 

SR  9  and  SR  28. 
Assignable  Cause:   Conflicts  between  crossing  and 

turning  traffic  resulted  in  10  accidents  in 

1956-57. 
Recommendations :   Install  additional  warning  measures 
well  in  advance  of  intersection  on  all  approaches. 

Section  8  -  SR  67  in  Delaware  County 

Subsection:   OS 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
SR  67  and  SR  3  and  intersection  of  SR  67  and 
US  35.   These  intersections  were  not  studied 
further  because  they  are  currently  being  recon- 
structed . 

Subsection:   IN 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
SR  67  and  SR  3. 

Assignable  Cause:   Warning  sign  north  of  intersection 
not  readily  distinguishable  to  motorists  travelling 
toward  Huncie  results  in  rear-end  collisions  on 
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Table  2  (continued) 
3R  67  (6  in  1956-57) . 
Recommendations:   Improve  warning  measures  for  traffic 
travelling  toward  Muncie  on  SR  67. 

Subsection:   6N 

Type  of  Accident:   At  structures. 

Feature  where  Accidents  Occurred:   Bridge  at 

Mississinewa  River.   This  location  was  not  studied 
further  because  the  bridge  is  currently  being 
widened. 

Section  9  -  US  36  in  Hendricks  County 

Subsection:   6E 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred;   Accidents  distri- 
buted throughout  subsection. 

Assignable  Cause:  General  congestion  partially  due 
to  many  points  of  access  results  in  accidents  at 
points  of  access  (10  in  1956-57). 

Recommendations:   Construct  by-pass  around  town  of 
Avon . 

Section  10  -  SR  67  in  Morgan  County 

Subsection:   0 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
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Table  c    (continued) 

SR  67  and  SR  39^. 

Assignable  Cause:   None  found. 

Recommendations :   Intersection  needs  further  3tudy. 

Subsection:   2N 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 

Assignable  Cause:   Drivers  take  unnecessary  chances 
in  passing  throughout  this  subsection  because  it 
is  a  level  tan£ent,  and  adjacent  subsections  are 
fairly  crooked  with  limited  sight  distance,  partially 
caused  by  heavy  vegetation  on  both  sides  of  the  road 
(21  accidents  in  1956-57). 

Recommendations:   Obtain  additional  right-of-way  on 
adjacent  segments  and  clear  vegetation  to  new 
right-of-way  line. 

Subsection:   3N 

Type  of  Accident:   At  intersections. 

Feature  where  Accidents  Occurred:   Intersection  of 
SR  67  and  SR  39 W. 

Assignable  Cause:   Lack  of  visibility  south  of  inter- 
section coupled  with  a  very  inconspicuous  warning 
sign  of  intersection  ahead  causes  rear-end  collisions 
involving  vehicles  waiting  to  turn  left  from  SR  67 
to  SR  39W  (8  in  1956-57). 
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Table  2  (continued) 
Recommendations:   Install  an  oversize  "Side  Road"  sign 
south  of  intersection,  and  construct  a  refuge  lane 
for  vehicles  wishing  to  turn  left  from  SR  67  to  SR 
39W. 

Subsection:   6N 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 

Assignable  Cause:   The  subsection  contains  several 

horizontal  curves  which  have  limited  sight  distance 
and  which  cause  accidents  involving  passing  vehicles 
(13  in  1956-57). 

Recommendations:   Investigate  all  horizontal  curves 
in  this  subsection  to  ascertain  whether  or  not  any 
curve  requires  the  installation  of  a  no-passing 
zone. 

Subsection:   8N 

Type  of  Accident:   Other. 

Feature  where  Accidents  Occurred:   Accidents  distri- 
buted throughout  subsection. 

Assignable  Cause:   General  congestion  coupled  with  bad 
horizontal  and  vertical  curvature  resulted  in  16 
accidents  in  1956-57. 

Recommendations :   Speed  zone  entire  subsection. 
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Table  c  (continued) 

Subsection:   16N 

Type  of  Accident:   At  structures. 

Feature  where  Accidents  Occurred:   The  two  bridges  over 

tributaries  of  White  Lick  Creek. 
Assignable  Cause:   The  extremely  narroxv  width  of 

bridge  results  in  accidents  in  the  structures 

(18  in  1956-57). 
Recommendations:   Widen  or  reconstruct  the  bridges. 
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SUMMARY  OP  RESULTS 

The  following  results  were  found  from  this  study: 

1.  The  application  of  the  principle  of  quality  control 
to  the  analysis  of  traffic  accidents  was  found  to  be  very 
useful  in  locating  accident-prone  subsections  of  highway, 
especially  those  containing  single  intersections,  structures, 
and  railroad  crossings. 

2.  The  element  of  risk  as  defined  in  this  study  was 
foind  to  be  a  satisfactory  unit  of  measure  for  traffic  acci- 
dents . 

3.  For  accidents  at  intersections,  15  out  of  188  sub- 
sections containing  intersections,  or  8.0  percent,  were  out 
of  control. 

l\..      For  accidents  at  structures,  6  out  of  73  subsections 
containing  structures,  or  8.2  percent,  were  out  of  control. 

5.  For  accidents  at  railroad  crossings,  1  out  of  10 
subsections  containing  railroad  crossings,  or  10.0  percent, 
were  out  of  control. 

6.  For  other  accidents,  11  out  of  207  total  subsections, 
or  5.3  percent,  were  out  of  control. 

7.  Assignable  causes  of  accidents  were  found  on  25 
out  of  33  out-of -control  subsections  involving  all  types  of 
accidents.   Of  the  eight  subsections  on  which  assignable 
causes  were  not  determined,  two  were  under  construction 

at  the  time  of  the  study  and  were  eliminated  from  the 
analysis,  and  each  of  two  others  contained  at  least  four 


intersect  .     none 
irdous . 

5.  L'h*  absence  ol  refuse  Lines  for  1- 
ve nicies  frcji,     r  hi    .;■  :  ' 

earl;    i        mi    ists  approaching  hazard  -    ter- 
sectiorio  or  narrow  structures;  the  lack  of  ^:-lj  j: 
distance  near  intersections;  trie  confusion  result 
from  large  unchannelized  intersections;  ina      'a3 
gestion  «rere  found  to  oe  the  ...       .  .. 

v,t:.3r  j:ii.3ta,      er,  .vere  ai3o  found  en  the  varioi 

high-acciaent  subjections.  Table  ^  gives 

for  acciuents       L  sut-of-control  subjections. 
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CONCLUSIONS  AliD   HECOMMENDATIONS 

The  following  conclusions  and  recommendations  are  a 

result  of  this  study: 

1.  The  application  of  the  principle  of  quality  con- 
trol to  the  analysis  of  traffic  accidents  can  be  very  use- 
ful in  determining  causes  of  accidents  attributable  to 
highway  elements. 

2.  It  is  recommended  that  the  improvements  of  highway 
elements  which  were  found  to  contribute  to  the  occurrence  of 
traffic  accidents  qnd  which  are  shown  in  Table  2.   be  con- 
sidered for  inclusion  in  improvement  programs  on  Indiana 
highways . 

3.  It  is  recommended  that  the  quality  control  type  of 
accident  analysis  be  applied  to  highways  in  Indiaia  on  a 
much  larger  scale  than  was  possible  in  this  study. 

I4..   It  is  suggested  that,  several  years  after  the 
recommendations  for  specific  improvements  made  in  this 
study  are  put  into  effect  by  the  Indiana  Highway  Department, 
an  "after"  study  be  conducted  to  ascertain  the  effective- 
ness of  those  improvements  in  reducing  accident  rates. 
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DESCRIPTIONS  OP  SUBSECTIONS 


Table  1A 
Table  Giving  Descriptions  of  Subsections 


Section  1  -  State  Ho  ad  25  from  Lafayette  to  Delphi 
Subsection  Length-Miles  Description 

0.0  to   0.5  miles  east  of  Lafayette 
0.5  to   1.5 
1.5  to   2.5 

2.5  to  3.5 

3.5  to  k.S 

k.S  to  5.5 

5.5  to  6.5 

6.5  to  7.5 

7.5  to  8.5 

8.5  to  9.5 

9.5  to  io.5 

io.5  to  11.5 

11.5  to  12.5 

12.5  to  13.5 

13.5  miles  east  of  Lafayette  to  west 
city  limits  of  Delphi 


02 

0.5 

IE 

1.0 

2E 

1.0 

3E 

1.0 

lp3 

1.0 

5E 

1.0 

6E 

1.0 

7E 

1.0 

8E 

1.0 

9E 

1.0 

10E 

1.0 

HE 

1.0 

12E 

1.0       : 

13E 

1.0       : 

II4JH 

1.0       : 

Note:   East  of  Lafayette  means  east  of  the  east  city  limits. 
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Table  1A  (continued) 


Section  2  -  U.S.  Highway  31  i-n  Hi  ami  County 


Subsection  Length -I dies  Description 


OS 
IS 
2S 
33 

ks 

53 

63 

73 

83 

93 

103 

US 

123 

133 

Oil 
IN 
211 
3IT 
lp? 
5N 
6N 

?:? 
8N 


0.5 

1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

o.5 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 


0.0  to  0.5  miles  south  of  Peru 

0.5  to  1.5 

1.5  to  2.5  " 

2.5  to  3.5  " 

3-5  to  k-5  " 

I|.5  to  5.5  " 

5.5   to  6.5  " 

6.5  tc  7.5  " 

7.5  to  3.5  " 

0.5  to  9.5  " 

9,5  to  10.5 

10.5  to  11.5  " 
11.5  to  12.5 

12.5  mile  3  south  of  Peru  to  Miami - 
Howard  County  line 

0.0  to   0.5  miles  north  of  Peru 

0.5  to   1.5    " 


1.5  to 

c.5 

2  .5    to 

3.5 

3-5    to 

k.5 

14-.5   to 

5.5 

5.5  to 

6.5 

6.5   to 

7.5 

7.5  to 

8.5 

63 


Table   1A    (continued) 


Subsection   Length-hiles    Description 


9  IT 

1.0 

ION 

1.0 

11 N 

1.0 

12N 

i.o        : 

13'. 

l.o        : 

llj.N 

i-5      - 

.6 


0.5   to      9.5  rail e s    north  of  Peru 

9.5    to   10.5 

0.5   to   11.5        "  "         "         " 

1.5  to  12.5      "  "       "       " 

12.5  to  13.5 

13.5  miles    north   of  Peru   to  Miami - 
Fulton   County   line 


Note 


South  of  Peru  means  southwest  of  the  west  city  limits 
North  of  Peru  means  north  of  the  north  city  limits. 


Section  3  "  U.S.  Highway  31  from  Cass-.vhite  County  Line  to 
Peru 

Subsection  Length-Eiles  Description 

0.0  to   Q.5  miles  west  of  Logansport 

0.5  to   1.5   " 

1.5  to   2.5    " 

2.5  to   3.5    " 

3.5  to  h.$        " 

k.5   to  5.5  " 

5.5  to  6.5  " 

6.5  to  7.5 

7.5  to  8.5  " 

8.5  to  9.5  " 

9.5  miles  west  of  Logansport  to  Cass' 
White  County  line 

0.0  to   0.5  miles  east  of  Logansport 

0.5  to   1.5    "     "    "       " 

1.5  to   2.5   " 


ow 

0.5 

1W 

1.0 

2W 

1.0 

3W 

1.0 

kv 

1.0 

5vV 

1.0 

6w 

1.0 

7W 

1.0 

8W 

1.0 

9W 

1.0 

10W 

1.0 

0E 

o.5 

IE 

1.0 

2E 

1.0 

614- 


Table  1A  (continued) 


Subsection  Length-Miles  Description 


3E 

1.0 

UE 

1.0 

5E 

1.0 

6E 

1.0 

7E 

1.0 

8E 

1.0 

9E 

1.0 

10E 

1.0 

HE 

1.0 

12E 

1.0 

13E 

0.5 

33 


2.5  to   3.5  miles  east  of  Logansport 

3.5  to  \\3 

k.5   to  5.5 

S.S   to  6.5 

6.5  to  7.5 

7.5  to  8.5 

8.5  to  9.5 

9.5  to  10.5 
10.5  to  11.5 
H.5  to  12.5 

12.5  miles  east  of  Logansport  to  west 
city  limits  of  Peru 


Note:   West  of  Logansport  me  ans  -west  of  the  west  city  limits. 
East  of  Logansport  means  east  of  the  east  city  limits. 

Section  Ij.  -  State  Road  37  in  Monroe  County 

Subsection  Length-Miles  Description 

0.0  to   0.5  miles  south  of  Bloomington 

0.5  to   1.5    " 

1.5  to   2.5   " 

2.5  to  3>5  " 

3.5  to  i|.5  " 

k.S  to  5.5  " 

5.5  to  6.5  " 

6.5  to  7.5  " 

7.5  to  8.^  " 


OS 

o.5 

IS 

1.0 

£0 

1.0 

3S 

1.0 

ks 

1.0 

53 

1.0 

6S 

1.0 

7S 

1.0 

83 

1.0 

65 


Table  1A  (continued) 


Subsection  Length-Miles  Description 


9S 

1.0 

10S 

1.0 

US 

0.8 

IN 

1.0 

2N 

1.0 

311 

1.0 

ijJJ 

1.0 

5n 

1.0 

6N 

1.0 

7N 

1.0 

8IJ 

1.0 

9W 

1.0 

ION 

1.0 

UN 

1.0 

?2.3 


o.5  to   9.5  miles  South  of  Bloomington 
9.5  to  10.5   " 

10.5  miles  south  of  Bloomington  to 
Monroe-Lawrence  County  line 

0.5  to  1.5  miles  n:>rth  of  Bloomington 

1.5  to  2.5 

2.5  to  3.5 

3.5  to  I4..5 

k.5   to  5.5 

5.5  to  6.5 

6.5  to  7.5 

7.5  to  Q.5 

8.5  to  9.5 

9.5  to  10.5 

10.5  miles  north  of  Bloomington  to 
Monroe -Morgan  County  line 


11 

11 


Note:   South  of  Bloomington  means  south  of  the  south  city 
limits.   North  of  Bloomington  means  north  of  the 
north  city  limits. 

Section  5  -  State  Road  37  from  Indianapolis  to  Johnson- 
Morgan  County  Line 

Subsection  Length -Miles  Description 

0.0  to   0.5  miles  south  of  Indianapolis 

0.5  to  1.5   " 

1.5  to  2.5   " 

2.5  to   3.5   " 

3.5  to  k.S        " 

k.5   to  5.5      " 


OS 

0.5 

IS 

1.0 

2S 

1.0 

3S 

1.0 

ks 

1.0 

5s 

1.0 

66 


Table  1A    (continued) 


Subsection  Length-Miles   Description 


6S 

1.0 

73 

1.0 

83 

1.0 

93 

1.0 

103 

1.0 

US 

i.o       : 

12S 

0.9       : 
12.  k. 

nth   of   Indianapolis 


5.5   to      6.5  miles   soi 
6.5   to      7.5        " 
7.5  to      8.5        " 
8.5   to     9.5       " 
9.5  to  io.5 
io.5  to  ii.5      " 

11.5  miles    south   of    Indianapolis    to 
Johnson-Morgan  Count"    line 

Note:      South   of   Indianapolis  means   south   of    the   south   city 

limits . 

Section  6  -  State  Road  37  in  Morgan  County 
Subsection  Length-Miles  Description 

0.0  to  0.5  miles  south  of  Martinsville 

0.5  to  1.5  " 

1.5  to  2.5  " 

2.5  to  l^S  " 

3.5  to  k-$  " 

h.5   to  SS  " 

S.S   miles  south  of  Martinsville  to 
Morgan -Monroe  County  line 

0.0  to  0.5  miles  north  of  Martinsville 

0.5  to  1.5   " 

1.5  to  2.5   " 

2.5  to  3.5        " 

3.5  to  k.5      " 

k.5   to  5.5   " 


OS 

o.5 

13 

1.0 

2S 

1.0 

3S 

1.0 

lis 

1.0 

5s 

1.0 

63 

1.3 

ON 

0.5 

IN 

1.0 

2N 

1.0 

3N 

1.0 

ilN 

1.0 

5N 

1.0 

67 


Table  1A  (continued) 


Subsection  Length -Miles  Description 

5.5  to   6.5  railes  north  of  Martinsville 

6.5  to  7.5   " 

7.5  to  8.5   " 

8.5  to  9.5   " 

9.5  to  10.5 

10.5  to  11.5 

11.5  to  12.5   " 

12.5  railes  north  of  Martinsville  to 
Morgan- Johnson  County  line 

Note:   South  of  Martinsville  means  south  of  the  south  city 
limits.   North  of  Martinsville  means  north  of  the 
north  city  limits. 

Section  7  -  State  Road  9  from  Anderson  to  Madi3on-Grant 
County  Line 


6N 

1.0 

7N 

1.0 

8N 

1.0 

9N 

■1.0 

ION 

1.0 

UN 

1.0   : 

12  N 

1.0   : 

13M 

20.1; 

Subsection  Length -Miles  Description 


ON 

0.5 

IN 

1.0 

2N 

1.0 

3N 

1.0 

k-ll 

1.0 

5N 

1.0 

6N 

1.0 

7N 

0.9 

ION 

1.0 

UN 

1.0 

0.0  to  0.5  miles  north  of  Anderson 

0.5  to  1.5   " 

1.5  to  2.5    " 

2.5  to  3.5    " 

3.5  to  k.$        " 

k.5   to  5.5      " 

5.5   to  6.5   " 

6.5  miles  north  of  Anderson  to  south 
city  limits  of  Alexandria 

Prom  north  city  limits  of  Alexandria 
to  10.5  miles  north  of  Anderson 

10.5  to  11.5  miles  north  of  Anderson 
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Table  1A  (continued) 


Subsection  Length-Miles  Description 

11.5  to  12.5  miles  north  of  Anderson 

12.5  to  13.5 

13.5  to  ll<. 5   "     " 

11;. 5  to  15.5   "     "    " 

15.5  miles   north   of  Anderson  to 
Kadison-Grant   County  line 

Note:      North   of  Anderson  means   north   of  the   north  city  limits 

Section  8   -   State   Road   6?   in  Delaware   County 

Subsection  h'en£;th-Ililes    Description 

th  of  I-.uncie 


12N 

1.0 

1311 

1.0 

lip* 

1.0 

i5n 

1.0       : 

16K 

1.0       : 
ili.ii 

OS 

0.5 

0.0 

to 

0.5  mil 

is 

1.0 

0.5 

to 

1.5        " 

2S 

1.0 

1.5 

to 

2.5      " 

3s 

1.0 

2.5 

to 

3.5    " 

1+s 

1.0 

3.5 

to 

k.5      " 

53 

1.0 

k.S 

to 

5.5      " 

6S 

1.0 

5.5 

to 

6.5       " 

7S 

1.0 

6.5 

to 

7.5       " 

as 

1.0 

7.5 

to 

8.5       " 

9S 

1.0 

8.5 

to 

9.5       " 

10s 

1.0 

9.5 

to 

10.5      " 

11s 

1.5 

10.5 

mil 

es  .south 

111 


Madison  County  line 

0.2     Prom  north  intersection  of  Sr  67 
and  U.S  3  to  1.5  miles  north  of 
Kuncie 


2*1 


1.0 


1.5  to      2.5  miles    north  of  Iluncie 
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Table  1A  (continued) 


Subsection  Lenfth -Miles  Description 


3N 

1.0 

ks 

1.0 

5n 

1.0 

6N 

1.0 

7K 

1.0 

8N 

1.0 

9N 

i.5 

20.7 


2.5  to  3.5  miles  north  of  huncie 

3.5  to  1+.5   " 

k.S   to  5.5 

5.5  to  6.5 

6.5  to  7.5 

7.5  to  8.5 

8.5  miles  north  of  Muncie  to  west 
city  limits  of  Albany 


Note 


South  of  Huncie  means  south  of  south  city  limits. 
North  of  Huncie  means  north  of  north  city  limits. 


Section  9  -  U.S.  Highway  36  in  Hendricks  County 
Subsection  Length-]  ;il  es  Description 

0.0  to   0.5  miles  west  of  Danville 

0.5  to   1.5    " 

1.5  to   2.5   " 

2.5  to   3.5   " 

3.5   to  k.5      " 

k.5   to  5.5      " 

5.5  to  6.5   " 

6.5  miles  west  of  Danville  to 

Hendricks-Putnam  County  line 

0.0  to  0.5  miles  east  of  Danville 

0.5  to  1.5    "  "    "      " 

1.5  to  2.5    "  " 

2.5  to  3.5 


ow 

0.5 

1W 

1.0 

2. / 

1.0 

3W 

1.0 

Jr.; 

1.0 

5w 

1.0 

6W 

1.0 

7W 

1.7 

0E 

0.5 

IE 

1.0 

2E 

1.0 

3E 

1.0 

70 


Table  1A    (continued) 


Subsection  Length-Miles   Description 

3.5  to  if. 5   miles    east    of  Danville 

k.$  to  5.5 

5.5  to  6.5 

6.5  to  7.5 

7.5  to  8.5 

Q.5  to  9.5 

9.5  miles  east  of  Danville  to 

Hendricks -Marion  County  line 

Note:   V/est  of  Danville  means  west  of  west  city  limits. 
East  of  Danville  means  east  of  east  city  limits. 

Section  10  -  State  Road  67  in  Morgan  County 

Subsection  Length-Miles  Description 


i|E 

1.0 

5E 

1.0 

6E 

1.0 

7E 

1.0 

8e 

1.0 

9E 

1.0 

10E 

0.7 

0 


IS 


1.0 


1.0 


2S 

1.0 

3S 

1.0 

ks 

1.0 

53 

1.0 

6S 

0.9 

7S 

o.5 

8s 

1.0 

0.5  miles  south  of  Martinsville 
junction  to  0.5  miles  north 
of  Martinsville  junction 

0.5  to   1.5  miles  south  of 

Martinsville  junction 

1.5  to  2.5  "  "  " 

2.5  to  3.5  "  "  " 

3.5  to  I+.5  "  "  " 

k.S   to  5.5  "  "  " 

5.5   miles  south  of  Martinsville 
junction  to  west  city  limits 
of  Paragon 

East  city  limits  of  Paragon  to  7.5 
miles  south  of  Martinsville  junction 

7.5  to   8.5  miles  south  of 

Martinsville  junction 
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Table  1A  (continued) 


Subsection  Length-Miles  Description 
9S 


10S 


IN 


1.0 

1.5 

1.0 


2N 

1.0 

3M 

1.0 

l]H 

1.0 

5N 

1.0 

6N 

1.0 

711 

1.0 

8N 

1.0 

9N 

1.0 

ION 

1.0 

UN 

1.0 

12N 

1.0 

13  N 

1.0 

1I|.N 

o.5 

16N 

1.1 

254 

8.5  to  9.5  miles  south  of 

Martinsville  junction 

9.5  miles  south  of  Martinsville 

junction  to  Morgan-Owen  County 
line 

0.5  to  1.5  miles  north  of  Martinsville 
junction 


1.5  to  2.5 
2.5  to  3.5 
3.5  to  k.5 
k.5  to  5.5 
5.5  to  6.5 
6.5  to  7.5 
7.5  to  8.5 
8.5  to  9.5 
9.5  to  10.5 
10.5  to  11.5 


11.5  to  12.5  miles  north  of  Martinsville 
junction 

12.5  to  13.5   "     "    " 

13.5  miles  north  of  Martinsville 

junction  to  south  city  limits 
of  Moore sville 

North  city  limits  of  Mooresville  to 
Morgan- Johns on  County  line 


> 


